Venous air embolism (VAE) is a well-recognized complication of central venous catheter insertion that is known to occur during venepuncture, while catheters are in place, and during or after their removal.~ Its sequelae, including paradoxical arterial air embolism, hypoxacmia, hypotension, and death, are well-known and reviewed elsewhere. 2 Factors favouring its occurrence include the generation of negative pressure by deep inspiration, the head-up position, and hypovolaemia, while some open communication (open catheter, cracked tubing, etc.) between the venous system and the atmosphere is an absolute necessity)
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A patient is presented who developed signs and symptoms of VAE in a previously unreported fashion, while a guide wire, not a catheter, was in place.
Case report
A 32-yr-old male non-smoker who had sustained an open fracture of the left tibia five months previously was re-admitted to the orthopaedic service with osteomyelitis of the tibia. He had no previous history of cardiac, pulmonary, neurological, or endocrine disease. Irrigation and debridement were performed on three occasions, resulting in a large soft-tissue defect. He was then brought to the operating room for creation of a latissimus dorsi free flap and placement of an antibiotic pump. At this time, a 9.0 French double-lumen silicone central venous catheter was inserted via the right subclavian approach for CAN J ANAESTH 1991 / 38:3 / pp338-40 venous access and monitoring, A postoperative chest radiograph demonstrated the tip of the catheter to be in the contralateral subclavian vein. Two days after surgery, an attempt was made to re-position the catheter into the right atrium.
The patient was brought to the preoperative holding area, placed supine, and his right chest was prepared with betadine. The ECG was recorded using five leads, and a blood pressure cuff was placed on the left arna. The patient was awake and cooperative; no sedation was administered. The proximal lumen of the catheter was clamped and a guide wire was passed through the distal lumen while continuous blood return was observed. The patient was not placed in the head down position because the continuous blood return through the distal lumen was considered to indicate that central venous pressure was too high to permit VAE. The catheter was then removed and the wire was left in situ. No bleeding from the skin exit site was noted with the guide wire alone in situ. Because of concern about the location of the wire, a supine chest radiograph was obtained at this time. While the film was being processed, the patient became tachypnoeic, anxious, and complained of dyspnoea and chest pain. His heart rate and blood pressure remained stable at 115 beats, min -~ and 130/80 mmHg, respectively. Pulse oximetry, recorded from the right index finger revealed an oxyhaemoglobin saturation (SpO2) of 83% while breathing room air. The pulse oximeter waveform was synchronous with the ECG at 115 beats" min -t. The patient was given 100% oxygen by face mask, positioned head-down, and the guide wire exit site was occluded with a sterile gauze. The SpO2 increased to 99% with resolution of his symptoms. The chest radiograph revealed the tip of the wire to be in the contralateral subclavian vein, and further manipulations did not succeed in placing it in the right atrium. A new double-lumen catheter was inserted, and the patient was returned to the ward breathing oxygen. Follow-up examination the next day revealed no obvious sequelae. His SpO2 by pulse oximetry was 96% while breathing room air.
Discussion
The dyspnoea, chest pain, and arterial hypoxaemia experienced by this patient during central venous catheter manipulation strongly suggest VAE. Other possible causes include pulmonary emboli from venous thrombosis or from the catheter, acute pulmonary oedema, and pneumothorax. The lack of abnormal chest radiograph findings effectively rule out pneumothorax or pulmonary oedema. While pulmonary emboli from venous thrombosis cannot be ruled out by the chest radiograph findings, the rapidity of the development of the patient's signs and symptoms, their rapid resolution with oxygen and occlusion of the exit site and the absence of further sequelae are most consistent with VAE.
Previous reports have indicated that VAE associated with central venous catheterization most commonly occurs in three settings: (1) during insertion, especially when care is not taken to keep the catheter hub covered; (2) while catheters are in place, and become inadvertently disconnected; (3) after removal, especially with the patient in the head-up position, when a remaining fibrous tract provides a communication and air is introduced by negative pressure spontaneous ventilation. ~.3.4 Entrained air can enter a 16-gauge catheter at a rate of 20 ml. secwith a pressure gradient of 3.7 mmHg and thus can cause cardiovascular collapse in ten seconds. 5"6 Admittedly, this intrathoracic negative pressure gradient would be difficult to maintain except in cases of severe airway obstruction. However, Adornato et al. demonstrated a "gasp" reflex occurring in response to VAE. In their study of anaesthetized dogs given slow intravenous infusions of air, this reflex consisted of a short cough, followed by a brief expiration and then a forced inspiration ("gasp") that was held for several seconds. It occurred at an average threshold infusion rate of 0.36 ml. kg -~ 9 min -~ and made central venous pressure abruptly negative (by an average of 1.2-1.5 mmHg) for long enough to cause further embolization of air leading to the death of the animal if there was still an open venous-atmospheric communication. The administration of nebulized cocaine via an endotracheal tube blocked the response, whereas iv cocaine did not. This led the authors to conclude that this reflex was mediated by receptors in the lung. 7 In addition, the administration of a sub-lethal bolus of air did not provoke this response. Underwater necropsy findings showed air in the right heart after a fatal VAE by bolus while showing air dispersed throughout the pulmonary circulation after a VAE by slow infusion. This gasp reflex and the resultant negative intrathoracic pressure may be the mechanism for cardiovascular collapse in spontaneously breathing and/or recumbent patients. In our patient, a sustained negative pressure manoeuvre likely occurred while the guide wire was in place, since continuous blood return from the distal lumen was noted while the catheter was in place.
Several previous reports have documented the usefulness of changes in arterial oxygenation as a marker of significant VAE. Glenski and Cucchiara have shown that decreased transcutaneous PO2 is a more sensitive indicator of VAE than decreased PETCO2 in neurosurgical patients. 8 A recent study in which the lungs of sheep were ventilated with 33% oxygen demonstrated a decrease in arterial PO2 from an average of 152 mmHg to 92 mmHg after the slow iv injection of 100 ml of air. At the same time, PETCO2 decreased from 34 mmHg to 30 mmHg. 9
Because the experience of most anaesthetists with VAE involves neurosurgical patients in whom the trachea is already intubated and the lungs are artificially ventilated with 33-100% oxygen, it is not surprising that the literature has focused on precordial Doppler, PETCOz, or trans-oesophageal echocardiography to detect intravenous air. However, it is clear that oxyhaemoglobin desaturation from VAE can occur in the presence of modest changes in PETCO2. Pulse oximetry would be most useful for the detection of air emboli in the patient breathing room air.
Finally, the rationale for attempting to reposition the central venous catheter should be mentioned. Catheter tip positions in other than the right atrium or superior vena cava have been associated with an increased risk of a number of complications, including thrombophlebitis, vessel perforation, and fallacious CVP readings. I~ Because of this, it has been the usual practice at our institution to attempt to place catheters intended for longterm use into the right atrium or superior vena cava.
To our knowledge, this is the first case of VAE reported while a guide wire but not a catheter was in place. The rapid availability of pulse oximetry confirmed the seriousness and probable aetiology of the patient's complaints. It is suggested that when placing central venous catheters, the skin entrance site should be kept covered by a gauze or other occlusive dressing ifa guide wire is left in place, the patient be kept in the head-down position, and that pulse oximetry should be used to detect or confirm suspected VAE.
